the amount of NH 4 + generated in the solution was determined using ion chromatography (Prominence, Shimadzu, Japan) with a conductivity detector.
TOF was calculated from the reaction rate derived by the number of Ru atoms exposed to the catalyst surface. CO/H 2 cannot be well adsorbed on the bulk catalysts; therefore, the estimation was performed using the surface area (S BET ) and Wigner-Seitz radii (r ws ) as the averaged radii for the bulk compounds. Here r ws is given by (3V/4N) 1/3 , where V and N are the unit cell volume and the number of atoms involved, respectively. The estimated numbers of active sites for various bulk catalysts are given in Table S1 .
Characterization. The crystal structure and crystal quality were confirmed by powder X-ray diffraction (XRD) measurements using an X-ray diffractometer (D8 Advance, Bruker) with monochromatic Cu Kα radiation (λ = 0.15418 nm). The Brunauer-Emmett-Teller (BET) surface areas of the catalysts were determined from nitrogen adsorption/desorption isotherm measurements at -196 °C using a gas-adsorption instrument (BELSORP-mini II, MicrotracBEL, Japan) after evacuation of the samples at 200 °C. The amounts of dissolved La, Ru and Si species during the etching process were determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES; ICPS-8100, Shimadzu). X-ray photoelectron spectroscopy (XPS; ESCA-3200, Shimadzu, Japan) measurements were performed using Mg K α radiation at <10 −6 Pa (8 kV bias voltage applied to the X-ray source). The as-prepared and used catalysts were pressed into pellets with a diameter of 10 mm (ca. 0.1 g) in a glove box, and then transferred into the XPS chamber without exposure to the ambient atmosphere. The binding energy of each spectrum was corrected according to the C 1s peak (284.6 eV). The surface morphologies of the catalyst samples were investigated using scanning electron microscopy (SEM; JEOL JSM-7600F) and high-angle annular dark field scanning transmission electron microscopy (HAADF-STEM; JEOL ARM200F)
with an operate voltage of 200 kV. For SEM measurements, powder samples were fixed on carbon tape on a sample stage, while for STEM measurements, the samples were dispersed in hexane, and the suspension was dropped on a carbon-coated copper TEM grid in an Ar-filled glove box.
DFT Calculations. All calculations were performed using the DFT method with the generalized gradient approximation (GGA) expressed by the Perdew, Burke, and Ernzerhof (PBE) functional, which is implemented in the Vienna ab initio simulation package (VASP). [2] [3] [4] [5] The energy cutoff was set to be 500 eV. The energy and force convergence criterions were set to 10 −4 eV and 0.05 eV/Å, respectively. The first Brillouin zone was sampled with a 3×3×1 k-point mesh. Dipole corrections were adopted to take account of the asymmetric layer arrangement in the process of slab calculations. The climbing-image nudged elastic band (CI-NEB) method was employed to search the energy barriers for N 2 dissociation on the surface of LaRuSi (001) with a force convergence criterion of 0.05 eV·Å −1 . 6 The adsorption energy of nitrogen species on the LaRuSi (001) surface is defined as E ad (X) =
, where E tot (X/surface), E tot (X) and E tot (surface) are the total energies of the X (i.e. N or N 2 )-adsorbed surface, the X species, and the surface, respectively. To reveal the charge transfer between nitrogen and the surface, the charge density difference between pure and nitrogen-adsorbed LaRuSi(001) surfaces was calculated, which is defined as Δρ =
, where ρ(X/surface), ρ(X) and ρ(surface) are the calculated charge densities of the adsorption configuration, an X molecule or atom and the LaRuSi(001) surface, respectively.
The LaRuSi(001) surface was described with a slab mode having a vacuum gap of 20 Å.
During the geometric optimization, the forces on the atoms were less than 0.02 eV/Å. The energy cutoff was selected to be 600 eV, and 11×11×7 and 11×11×1 k-point meshes were set for the bulk and slabs, respectively. The cleavage energy E c , of the surface is defined as E c =E slab -E bulk , where E bulk is the total energy of a 1×1×10 bulk supercell after structural optimization, and E slab is the total energy of a slab with 10 layers of bulk. The residual EDTA-2Na has a negative influence on the catalytic performance of LaRuSi. and (2) are simulated LnRuSi and LnRuSiH x XRD patterns, respectively; (3) and (4) are catalysts without EDTA treatment before and after ammonia synthesis, respectively; (5) and (6) 
